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Total 23 talks 
・Plenary session (3 talks)  
・6 parallel sessions (18 talks) 
・1 joint session with WG4 (2 talks from WG3) 

 
Rough grouping from my perspective  
・Super beams : NuMI/LBNF, J-PARC, ESS/ESSnuSB (7 talks) 
・Material studies & beam diagnosis for high power beam (5 talks) 
・Muon collider/Future neutrino facilities (7 talks) 
・Other unique beam facilities (4 talks)

WG3 talks

Speakers will  
be shown here 
in the slides
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Super beams :  
NuMI/LBNF, J-PARC, ESS/ESSnuSB
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NuMI AIP (Accelerator Improvement Plan) and  
LBNF Beam Progress

M. Lee 
(Fermilab) 

LBNF: Designed for 1.2 MW (upgradeable to 2.4 MW)  
・Prototype Horn A undergoing fabrication/assembly 
・Target design nearing final design stage. Prototyping 
→ Many subsystems currently at 60-75% design maturity

・1 MW target installed in summer 2019  
・Upgraded Horn 1 installed in summer 2020 
・New 5x5 pixel monitor installed in summer 2021

Originally designed for 400 kW beam  
power, then upgraded to 700 kW

・Record 893 kW in April 2022 
・Upgrade for 1 MW through 2025
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2.4 MW Upgrade Paths for  
the Fermilab Accelerator Complex

J. Eldred 
(Fermilab) 

PIP-II upgrade：0.7MW → 1.2 MW 

Project started in 2016 (CD0) 
First beam in Booster: 2028 (plan) 
MI 1.2 MW beam on target: 2032 (projection) 

Strategic planning for 2.4 MW were reported 
・ICD-2 RCS: Well-developed cost-effective proposal,  
　　　　　　　　 focused on LBNF 
・BSR RCS: More challenging injection,  
                       more 8-GeV power.  
・8-Gev Linac: Most challenging injection,  
                           highest 8-GeV potential 
Cost and timetable evaluations underway /305



PIP-II Accumulator Ring - PAR
W. Pellico 
(Fermilab) 

Present 
Linac:  
  15 Hz. 30 ma 
Booster:  
  8 GeV, 
  15 Hz

PIP-II complex & PAR 
SRF PIPII: 800 MeV: 
  2.5 ma, High Cycle Rate  
  Upgradable 
PAR: 
  100Hz (Upgradable) 
  800 MeV (Upgradable) 
Booster:  
  8 GeV, 20 Hz

A storage ring option for a modest cost & within this decade, 

PAR status & prospects 
・The effort for PAR started almost two years ago 
　・Originally located in the Booster Tunnel was called BAR 
・Opted to move adjacent to the Booster near the PIP-II injection line BTL 
　•Civil cost higher, Reduced impact to Booster, No impact to present PIP-II Booster plan 
・Finishing up lattice and beam physics in 2022 
・Cost estimates will be provided in early 2023 
・Complete interface of PAR with BTL civil plans 2023 
   → if we can get the cost to a reasonable number ‒ PAR will be done!

PAR

/306



Beam power upgrade plan
Power  =  Energy  ×  Number of protons  /  Cycle time 

                     30 GeV

7

JFY2021 515 kW 2.66×1014 ppp 2.48 s
JFY2023 750 kW 2.1×1014 ppp 1.36 s
Future 1300 kW 3.3×1014 ppp 1.16 s

Magnet 
current

Time

Injection Extraction 2.48 s → 1.36 s

First results of the high repetition  
operation in J-PARC MRUpgrade of power supplies of main magnets

The power supplies (PSs) of main magnets were upgraded 
for faster cycling.

11

Family label Num of family Num of magnets Strategy
Bends BM 6 16 each New PSs 

with capacitor bankQuadrupoles 
in 
arc 

sections

QFN 1 48
QDN 1 48
QFX 1 → 2 48 → 24 each

Reuse of present PSs 
(Family divided)

QDX 1 → 2 27 → 13+14

Quadrupoles 
in 

straight 
sections

QFS 1 → 2 6 → 3 each
QDS 1 → 2 6 → 3 each
QFT 1 → 2 6 → 3 each
QFP 1 6 Reuse of present PSsQFR 1 9
QDT 1 6

New PSs 
without capacitor bank

QDR 1 6

Sextupoles SFA 1 24
SDA, SDB 2 → 1 24+24 → 48
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  Low gain
  High gain

Beam losses are localized 
at collimator area. 
Non-collimator area has been 
kept clean. 

Requirement for beam losses 
Non-collimator area should be 
maintainable by hands 

     < 300 µSv/h at 1 foot 
       4h after user operation

17

Requirement for beam losses
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Beam loss counts 
(X: position in the ring, Y: time)

Integrate over time

collimator area

non-collimator area 
(monitor sensitivity : ×8)

Hardware upgrade
Contents of hardware upgrade 

1. Power supplies 
    of main magnets 

2. RF system 

3. FX septum magnets 

4. Collimator system 
    (in summer)

9
6

RCS

Injection
Slow extraction

Fast extraction

Neutrino beamline

Rf cavities

Beam abort line
Hadron 
Experimental Hall

3-50 BT

To Super-Kamiokande

Ring collimators

BT
collimators

Hadron beamline

Injection

To Super-KamiokandeHardware upgrade 
1) Power supplies of main magnet 
2) RF system 
3) FX septum magnet 
4) Collimator system

Beam upgrade to 1.3 MW w/  
increased protons & faster cycle 

1)

2)

3)

4) 

・Upgraded hardwares are verified by beam study in June w/ 1.36s cycling period

T. Yasui 
(KEK/J-PARC) 
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J-PARC Neutrino Beam Upgrade
Producing the J-PARC Neutrino Beam

• 30 GeV protons from J-PARC Main Ring (MR) accelerator hit a
long carbon target and produce ⇡’s, K’s, etc

• Outgoing hadrons are sign selected + focused in three
electro-magnetic focusing horns

• ⇡’s decay into (mostly) µ’s and ⌫µ’s in a ⇠100-m-long decay
volume

• Change horn polarity to switch between primarily ⌫µ’s and ⌫̄µ’s
• The decay µ’s are monitored using a muon monitor and stop in

shielding, while the ⌫’s continue on to the near and far detectors
• Using a 2.5� o↵-axis beam allows for narrower ⌫ energy spectrum

4 / 32

J-PARC Neutrino Beamline

13 / 32

・Now underway for T2K & toward HK 
・Many progress were reported 
　・Primary beamline for better handing 
　・DAQ, Beam control, Interlock 
　・Monitors like OTR, WSEM, BIF, EMT 
　・Horns & target cooling system 
　・Radioactive water disposal

M. Friend 
(KEK/J-PARC) 
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ESS linac status and 
NC linac commissioning

IS, LEBT, RFQ, and MEBT (without cables) 

DTL tank 1

・European Spallation source (ESS) is 
　・Under construction in Lund, Sweden 
　・Driven by a high-power proton linac 
 
・Milestones of the first beams 
　・Through RFQ, 2021-11-26 
　・Nominal current beam up to MEBT, 2022-03-12 
　・Through DTL1, 2022-06-01 
　・Nominal current out of DTL1, 2022-07-01 
 
・Detailed commissioning status were reported. 
　・Peak performance of hardware is good so far. 

R. Miyamoto 
(ESS) 
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ESSnuSB from source to target  
and plans for the future

N. Milas 
(ESS) 

The latest design were reported 
・Accumulator Ring Design 
・Switchyard Design 
・Target design

・Further important studies needed before start ESSnuSB construction 
・Multi purpose facility with great potential will be pursued 
   e.g. Low Energy nu STORM, ENUBET /3010



Material studies & beam diagnosis 
for high power bam

8/4/2022 Frederique Pellemoine | NuFACT 2022 - WG320

R a D I A T E Collaboration
Radiation Damage In Accelerator Target Environments

RaDIATE collaboration created in 2012, with Fermilab as the leading institution
Objective:
� Harness existing expertise in nuclear materials and accelerator targets
� Generate new and useful materials data for application within the 

accelerator and fission/fusion communities

Activities include:
� Analysis of materials taken from existing beamline as well as new 

irradiations of candidate target materials at low and high energy beam 
facilities

� In-beam thermal shock experiments

Program manager: Dr. Frederique Pellemoine (FNAL)
Future Collaborators

8/4/2022 Frederique Pellemoine | NuFACT 2022 - WG320

R a D I A T E Collaboration
Radiation Damage In Accelerator Target Environments

RaDIATE collaboration created in 2012, with Fermilab as the leading institution
Objective:
� Harness existing expertise in nuclear materials and accelerator targets
� Generate new and useful materials data for application within the 

accelerator and fission/fusion communities

Activities include:
� Analysis of materials taken from existing beamline as well as new 

irradiations of candidate target materials at low and high energy beam 
facilities

� In-beam thermal shock experiments

Program manager: Dr. Frederique Pellemoine (FNAL)
Future Collaborators

/3011



Advanced Materials Studies for 
HI Proton Production Targets and Windows

F. Pellemoine  
(Fermilab) 

High Power Targetry Challenges

8/4/2022 Frederique Pellemoine | NuFACT 2022 - WG37

Heat removal Thermal shock

Physics 
performance Radiation damage

Operational safety Storage and 
disposal

Thermal Shock and Radiation Damage 
were always identified as the most cross-
cutting challenges of high-power target 
facilities but need to consider target 
thermal fatigue as fatigue stress cycle 
amplitude x2 at 2.4 MW

・Materials R&D essential to help design robust targetry components and  
　maximize primary beam power on target and secondary particle production 
　・Globally coordinated R&D activities are producing useful results

Research Approach - Prototypic irradiation to closely replicate 
material behavior in accelerator target facilities

8/4/2022 Frederique Pellemoine | NuFACT 2022 - WG311

• High-energy proton irradiation of material specimens at BNL-BLIP facility in partnership with the 
RaDIATE collaboration

• 1st irradiation campaign completed in 2017/2018, 2nd irradiation planned in 2024-2025
• Post-Irradiation Examination (PIE) conducted at participating institution equipped with hot-cell 

facilities (PNNL)
• In-beam thermal shock experiment at CERN’s HiRadMat facility that includes both pre-irradiated 

(BLIP) and non-irradiated specimens
• Completed experiments in 2015 and 2018. Currently preparing for upcoming test in Oct. 2022

・Many ongoing efforts were reviewed in the talk 

・Exploring novel targetry materials: Electrospun nanofibers and High-Entropy Alloy 
/3012



Proton Beam Monitor Upgrades for  
the J-PARC Neutrino Extraction Beamline

M. Friend 
(KEK/J-PARC) 

Beam profile must be monitored continuously for beam diagnostics and tuning 
・To correctly steer the proton beam/protect beamline equipment 
・To be used as input into neutrino flux prediction simulation

New WSEM Beam Profile Monitor
• New Wire Secondary Emission Monitor (WSEM) designed to

measure proton beam profile in J-PARC neutrino beamline
• Monitor beam profile using twinned 25 µm Ti wires

• Exact same principle as SSEMs but with reduced material in the
beam � reduced beam loss

• C-shape allows monitor to be moved into and out of the beam while
the beam is running (!)

• Wires mounted at 45° so they can measure X and Y
• Developed in collaboration with engineers at FNAL, supported as a

US/Japan collaboration project

�
�
�
�
�

12 / 33

・Beam Induced Fluorescence Monitor (BIF) 
　・Non-destructive robust monitor 
　・Full prototype test in 2020/2021 
　・Upgrade to working prototype in 2022

・Optical radiation monitor (OTR) 
　・New OTR installation in 2022 
　・Tests in Feb./Mar.

・Wire Segmented Emission Monitor (WSEM) 
　・Reduced beam loss (~1/10) 
　・Work stably since 2018 
　・New WSEM installed soon 

・Better handling to reduce radiation dose  
　・Make space for quick, hands-on maintenance  
　・New magnet installed in summer 2021
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New muon monitor  
for J-PARC neutrino experiment

T. Honjo 
(Osaka Metro. U.) 

Producing the J-PARC Neutrino Beam

• 30 GeV protons from J-PARC Main Ring (MR) accelerator hit a
long carbon target and produce ⇡’s, K’s, etc

• Outgoing hadrons are sign selected + focused in three
electro-magnetic focusing horns

• ⇡’s decay into (mostly) µ’s and ⌫µ’s in a ⇠100-m-long decay
volume

• Change horn polarity to switch between primarily ⌫µ’s and ⌫̄µ’s
• The decay µ’s are monitored using a muon monitor and stop in

shielding, while the ⌫’s continue on to the near and far detectors
• Using a 2.5� o↵-axis beam allows for narrower ⌫ energy spectrum

4 / 32

・New sensor (EMT) w/ more rad. tolerance 
　・PMT photocathode → Al deposited glass

・Confirmed linearity & radiation tolerance  
　@ First/second beam test

・Progress of investigating cause of the 
   radiation damage @ third beam test 
・Further beam test to complete the 
   investigations for life-time extension 
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NuMI Beam Monitoring Simulation  
and Data Analysis

Yiding Yu 
(IIT) 

Confirmed monitoring capabilities to find the effect of varying the beam parameters 

Simulation study about the effect of pixels of MMs
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Machine Learning Applications to  
Maintain the NuMI Neutrino Beam Quality

A. Wickremasinghe  
(Fermilab) 

・Testing and validating the use of simulation data to build ML applications are in progress 
　・To understand correlations b/w muon monitor data & neutrino flux at ND 
　・To help catch “anomaly” scenarios; e.g. horn tilt/slip, target tilt, target deterioration, etc…

・Randomly sampled training (70%) and validation (30%)  
　data samples were selected from the target scans  
　and normal operations  

・A neural network has been trained by taking account  
　241 pixels as inputs

・Promising results to use the model as a monitoring tool in the future

/3016



Muon collider/Neutrino factory
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Muon Collider 

EU'Design'Study'

19 

D.'Schulte''''''''''''''''''''''''''''''Muon'Collider,'NuFact,'August'2022''

*
Workpackages*
1.  Coordina<on'and'Communica<on'

2.  Physics/Detector'Performance'
Requirements'

3.  Proton'Complex'

4.  Muon'Produc<on'and'Cooling'

5.  HighPenergy'Complex'

6.  RF'Systems'

7.  Magne<c'Systems'

8.  Muon'Cooling'Module'

'

HORIZONKINFRAK2022KTECHK01K01:**
Expected'EU'contribu<on:'5P10'MEUR'
Total'budget'110'MEUR'
Type'of'Ac<on:'Research'and'Innova<on'Ac<ons'

HORIZONKINFRAK2022KDEVK01K01:*Research*
infrastructure*concept*development*
Expected'EU'contribu<on:'1P3'MEUR,'
Total'budget'21.8'MEUR'
Type'of'Ac<on:'Research'and'Innova<on'
Ac<ons'*

Plan*to*also*apply*for*next*TECH*call*in*
2024,*to*develop*technologies*

Approved*last'week,'now'preparing'contract'
EU'contribu<on'3'MEUR,'partners'4'MEUR,'CERN'

Previous studies in US (now very strong interest again), experimental programme in UK  
and alternatives studies by INFN 

New strong interest:  
・Focus on high energy with high luminosity 
　・10+ TeV  
　・potential initial energy stage (e.g. 3 TeV)  
・Technology and design advances  
・Combines precision physics and discovery reach 

Timeline'

8 

D.'Schulte''''''''''''''''''''''''''''''Muon'Collider,'NuFact,'August'2022''
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Facility!ConstrucAon! 

Baseline!design 
Facility!Conceptual!

Design 

Demonstrator!design 

Preparatory!work 
Demonstrator!
ConstrucAon 

Prototypes 
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Performance!
and!Cost!
EsAmaAon 

Ready!to!
Commit 

Ready!to!
Construct 

20
44

 

!!!!!!!!!!!!!!!!!Demonstrator!exploitaAon!and!upgrades 

Models,!prototypes 
PreNseries 

Design!and!modelling 

Goals'for'next'strategy'
•  Assessment*report*

(prePCDR)'
•  R&D*plan*ready'for'

implementa<on'
'
'
Prudently'explore'if'MuC'
can'be'opIon*as*next*
project'
•  e.g.'in'Europe'if'higgs'

factory'built'elsewhere'
•  very'strong*rampKup*

required*aner'2026'
•  some'compromises'on'

ini<al'performance''

Discussed roadmap, recent progresses, …

D. Schulte  
(CERN) 
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A Muon Collider at Fermilab
D. Neuffer 
(Fermilab) 

Fermilab site filler: Muon Collider up to ~10 TeV 

・Proton Source：PIP-III → Target 
・μ cooling 
・Linac + RLA → 65 GeV 
・RCS 1 and 2 → 1000 GeV 
　　・Tevatron-size 
・RCS 3 → 5 TeV 
　・Site filler accelerator 
・Collider Ring ~10 km 

Fermilab PIP-III Neutrino options

・DUNE → ??? 
　・PIP-III 
・Muon-based beams 
　・Short BL (nuSTORM) 
　・Long BL (DUNE) 
　・~4 GeV μ storage ring

/3019



Progress of studies on the Neutrinos  
from Stored Muons, nuSTORM, facility 

J. Pasternak 
(Imperial C./RAL) 

・Solid designs exist and could be implemented straightaway (FODO or FFA)  
・Novel Hybrid ring shows very promising results. Working to demonstrate its performance.  
・New ideas to combine nuSTORM, ENUBET and Muon Test Facility  
・Promising recent progress on pion capture, transport and injection 

• nuSTORM can measure neutrino interaction precisely 
   - Reduced systematic errors for CPV and sterile neutrino search 
   - Can also serve as the R&D test bed for muon accelerators 

• Technologies for muon storage, 6D cooling, parametric cooling or  
    rapid muon acceleration (vertical FFA) can be tested experimentally 
 
・nuSTORM at CERN: Extraction from SPS through existing tunnel 
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Characterization of Cooling in the  
Muon Ionization Cooling Experiment

C. Rogers 
(ISIS) 

・High-brightness muon source needed for Muon collider 
　・Beam needs to be cooled using ionisation cooling 
・MICE built to study muon cooling 
　・Unprecedented single particle measurement of particle trajectories in an accelerator lattice  

・MICE has made first observation of ionization cooling  
・Significant interest in a follow-up experiment  
・Longitudinal and transverse emittance reduction. Explore lower emittances

  5

 Beam loses energy in absorbing material
 Absorber removes momentum in all directions
 RF cavity replaces momentum only in longitudinal direction
 End up with beam that is more parallel

 Multiple Coulomb scattering from nucleus ruins the e:ect
 Mitigate with tight focussing → low β
 Mitigate with low-Z materials
 Equilibrium emittance where MCS cancels the cooling

 VeriFed by the Muon Ionisation Cooling Experiment (MICE)

Ionisation Cooling

Absorber MUONSRF

  6

Experimental set up

Measure muon 
position and 
momentum 
downstream

Measure muon 
position and 
momentum
upstream

Cool the muon 
beam using 
LiH, LH2, or 
polyethylene 
wedge 
absorbers

Beam
 

/3021



A Demonstrator for Muon Cooling
C. Rogers 
(ISIS) 

・Transverse cooling at high emittance demonstrated by MICE  
→ Now need to follow up with 6D cooling at lower emittance  
　・What could such a Demonstrator look like? 
　・Where could it be sited?

  

 Initial beam is narrow with some momentum spread
 Low transverse emittance and high longitudinal emittance

 Beam follows curved trajectory in dipole
 Higher momentum particles have higher radius trajectory
 Beam leaves dipole wider with energy-position correlation

 Beam goes through wedge shaped absorber
 Beam leaves wider without energy-position correlation
 High transverse emittance and low longitudinal emittance

 Tests done at Fermilab

6D Ionisation Cooling

Dipole
Wedge 
shaped 
absorber

  18

Comparison with MICE

MICE Demonstrator

Cooling type 4D cooling 6D cooling

Absorber # Single absorber Many absorbers

Cooling cell Cooling cell section Many cooling cells

Acceleration No reacceleration Reacceleration

Beam Single particle Bunched beam

Instrumentation HEP-style Multiparticle-style

・Demonstrator lattice proposed. Beam preparation system considered.  
   Optimisation and further studies ongoing → Compatible with nuSTORM 
・Aim is to deliver a design by 2026 → In time for next European strategy update /3022



Muon Acceleration  
for Future Neutrino and Higgs Factory

A. Bogacz 
(Jefferson Lab) 

・RF system specs for low energy acceleration stages: 
　・Linac (255 MeV - 1.25 GeV) 1-pass 
　・RLA 1  (1.25 - 5 GeV ) 4.5-pass 
　・RLA 2  (5 - 63 GeV ) 5-pass 
・Next step : Optimized Linac + RLAs scheme for Higgs Factory and beyond…

244 MeV

5 GeV
120 m

850 MeV/pass

1.2 GeV

Linac + Recirculating Linear Accelerator (RLA)

Muon Acceleration - Choice of Technology  
・Acceleration of short-lived muons requires high average gradient 
・Recirculation (RLA) provides significant cost savings 
・A single linac at low energy since the beam is not sufficiently relativistic
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Y. Nakazawa 
(Ibaraki U.) Muon Acceleration  

for the muon g-2/EDM experiment at J-PARC

Basic  des ign

Designed muon LINAC performance satisfies experimental requirements. 

Frequency 324MHz, 1296MHz, 2592 MHz

Intensity 1×106 /s

Rep rate 25 Hz

Pulse width 10 ns

Norm. rms emittance 1.5 π mm mrad

Momentum spread 0.1 %
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Muon acce lera t ion
Develop a new accelerator dedicated to muons using electron/proton accelerator technology. 
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Need to develop a new muon linear accelerator and demonstrate acceleration. 

212 MeV
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Basic  des ign

Designed muon LINAC performance satisfies experimental requirements. 

Frequency 324MHz, 1296MHz, 2592 MHz

Intensity 1×106 /s

Rep rate 25 Hz

Pulse width 10 ns

Norm. rms emittance 1.5 π mm mrad

Momentum spread 0.1 %
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μ+ (~3MeV)

5.6 keV

89 keV

Mu- production

RFQ

QM, BM

MCP

Mu- acce lera t ion wi th  RFQ
(Nov.  2017)

The world’s first 
muon RF acceleration

RF-on : event rate = 

RF-off : (no significant signal)
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・The world’s first muon RF acceleration to 0.34 MeV (Nov. 2017) 
・Next step : μ+ acceleration w/ RFQ-IH-DTL. (2024) 

・Developing the muon linac for the muon g-2/EDM experiment
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Other unique beam facilities

/3025



E.Parozzi 
(CERN) 

The design of the ENUBET beamline
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Reported :  
・Monte Carlo simulations to predict beamline performance 
・Optimizations of beam line configurations 
・Multi-momentum beam line designed with existing CERN Magnets and full G4BL 
Next steps :  
・1% level on flux achieved w/ Baseline Beamline option → MMB to be validated.  
・Beamline instrumentation studies, Radiation studies with FLUKA → Ongoing /3026



Forward Neutrinos from Charm at  
the LHC and Prompt Neutrinos at IceCube

I. Sarcevic  
(U. Arizona) 

・FPF experiments will detect about 1M ν interactions 
　(1K ντ) with energies up to a few TeV  

・ντ produced in the forward region, come from the  
　decay of charmed mesons.

・Important to pursue Forward Physics Facility Program and Neutrinos telescopes

LHCb

FPF

・Prompt neutrinos 
   ・From decay of heavy quarks (c or b) before losing 
      much energy → Neutrino energy spectrum is harder  

・Connection to forward neutrino production at HL-LHC, 
　i.e. measurements with FASER can reduce theoretical  
   uncertainties in the prediction of the prompt neutrino flux 

/3027



IsoDAR@Yemilab - A definitive search 
for exotic neutrinos and other BSM physics

D. Winklehner 
(MIT) 

・Search for noble (sterile) neutrinos through oscillations at short distances  
   and low energy at Underground facility at Mt. Yemi in Korea. 
・Possible application of isotopes for consortia of hospitals

・Caverns are already constructed  
・Testing Hardware prototypes (injector, target)  
・Writing Proposals for full accelerator & detector  
・Planning for 2027 ‒ 2032 run 

Split-coaxial RFQ 

H2+ ion source

High power neutrino target 
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MELODY at CSNS-II
N. Vassilopoulos  

(IHEP) 

•First muon source in China at CSNS

•MELODY has been approved 
  (including its budget) 
•All design parameters are under study 
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Thank you very much  
to all WG3 participants! 
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